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CTOXACTHHECKAH MOftEJIb 3APA5KEHHH TEJIbMHHTAMH 

I. nOCTPOEHHE MO^EJIH 1 

E. H. OpiiCMaH, 3. X. rnH36ypr h K. II. Oe^opoB 

IlHCTHTyT AHTOJIOrHH H reHeTHKH GO AII CGGP 
h BnojiorHHecKHH hhcthtyt GO AH GCGP, HobochOhpck 

PaccMaTpuBaeTCH pnA rejibMHHTOJiorHnecKHx npoAeccoB: BbmejieHHe hha 
B 3POCJIHMH rejIBMHHTaMH; pa3BHTHe HHA AO B3POCJIOH CTaAHH B OpraHH3Me A&H- 
Horo xo3HHHa; rnOejib hhii,; 3apa>KeHHe xo3HHHa npoMe>KyTOHHOH $opMOH 3Toro me 
rejiBMHHTa H3 BHenraeH cpeAbi; rn6ejib npoMen^yTOHHHx ctbahh, npoHHKHinx b op- 
raHH3M xo3HHHa; rn6ejii» B3pocjiH.x rejitMHHTOB. npeAnojiaraeTCH, hto 3th npoii,eccH 
HBJIHIOTCH CTOXaCTHHeCKHMH. Ha 3T0M OCHOBaHHH nOCTpoeHa MaTeMaTHHeCKaH MOAeJIB, 
o6BHCHHioii];aH nyaccoHOBCKoe h OTpHAaTejibHoe 6nHOMHajibHoe pacnpeAejieHHH >kh- 
BOTHHX no HHCJiy HaHAGHHHX y HHX napa3HTOB. 

06cy>KAeHa bo3moh{hocti» pacniHpeHHH npeAJionceHHOH moagjih Ha MHorne cjiynan 
ayTOHHBa3HH, a Tarone Ha HajiHHne HMMyHOJiorHHecKHX peaKu;HH opraHH3Ma xo3HHHa, 
npenHTCTByioiAHx pa3BHTHio rejiBMHHTa. 

BBEfl,EHHE 

B napa3HTOJiornHecKHX nccjieAOBaHHHX HeoAHOKpaTHO oSHapynoiBajiocb, 
hto aMnnpHHecKoe pacnpeAejiemie HenoTopbix >khbothlix no nncjiy HanAemibix 
y hhx napa3HTOB yAOBjieTBopnTejibHO corjiacyeTcn c OTpnu;aTejibHbiM 6 hho- 
MnajibHbiM pacnpeAejiemieM (Bliss and Fischer, 1953; EpeeB, 1968). Ho bo 
B cex noAoSHbix paSoTax oSbnrao orpaHHHHBajiHCb ycTaHOBjieHneM BHAa pac- 
npeAejieHHH n He 6 bijio HHKaKnx nonbiTOK paccMOTpeHnn $aKTa cynjecTBOBa- 
hhh 3Toro pacnpeAejieHHH nan pe3yjibTaTa coBMecmoro aHajiH3a pnAa napa- 
3HTOJiorHnecKHx npou;eccoB. 

Tanoe paccMOTpeHne a* 11 ** SojibimracTBa bhaob napa3HTOB 0Ka3biBaeTCH 
JIh6o OHeHb CJI 02 KHBIM, JIh6o BBHAy OTCyTCTBHH AOCTaTOHHOH HH$OpMau;HH 
0 MHOrHX HHTHMHbIX MOMeHTaX B3aHMOAeHCTBHH B CHCTeMe «napa3HT — X03HHH» 
nona HeB03M0>KHbIM. 

HecKOJibKO nponje o6ctoht AeJio b cjiynae c HHBa3HeH rejibMHHTaMH. 
3Aecb, c oahoh ctopohm, ajih MHornx bhaob rejibMHHTOB HMeeTcn AOCTaTOHHO 
nojman KanecTBenHan HH(|)opMan,HH o SojibimmcTBe ochobhbix BTanoB ero 
B3aHMOAeHCTBHH C X03HHH0M. 3tO n03B0JIHeT nOCTpOHTb AOCTaTOHHO aAen- 
BaTHyio MaTeMaTHHecnyio moacjib rejibMHHTOJiorHnecKoro 3apa>neHHH. G Apy- 
toh ctopohm, 3KcnepHMeHTajibHO HCCjieAOBaHbi 3HanHTejibHbie no o6beMy 
BbiSopKH HHBa3HpoBaHHbix >KHBOTHbix, hto no3BOJiaeT npoBepHTb coAep>Ka- 
TejibHyio u;eHHOCTb nocTpoennoH moacjih. 

B 3toh paSoTe AeJiaeTCH nonbiTKa onncaTb cjiOBecHO h $opMajiH30BaTb 
(3anncaTb b BHAe $opMyji h ypaBHemra) OAHy H3 MOAejien rejibMHHTOJiorn- 


1 noHHMan, hto npeAJiaraeMan MOAejib CHCTeMH 3apa>KeHHH rejitMHHTaMH hx xo3neB 
Kpairae ynpoiAeHa h He OTpancaeT MHornx peajibHO cymecTByioiAHX OTHOineHHH, PeAaKAHH 
TeM He MeHee CHHTaeT nojie3HOH ny6jiHKau;HK) CTaTBH, nocKOJitKy OHa cTaBHT BanmbiH Bon- 
POC O MaTeMaTHHeCKOM MOAeJIHpOBaHHH napa3HTapHHX CHCTeM B rejIBMHHTOJIOrHH h Ha- 
MenaeT napaMeTpbi, KOTopbie aojihchh 6htb nojiyneHH nyTeM 3KcnepHMeHT0B h Ha6jiiOAeHHH 
AJiH pa3pa6oTKH h npoBepKH 6ojiee coBepmeHHHx MOAejieii. (PeAaKAHH). 
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qecKHX npon,eccoB, KOTopaa npHBe,n;eT k OTpmjaTejiBHOMy 6nHOMnajiBHOMy 
pacnpefteaemno >KHBOTHBix-xo3aeB no ancjiy Han^eHHBix y hhx rejiBMHHTOB. 

IIpe^JIOKeHHH, KOTOpBie Jie>KaT B OCHOBe 3TOH MO^ejIH, BHftHMO, 3Haan- 
TejiBHO nponje peajiBHBix npapo^HBix CHTyaijHH, ho 3th ynponjemia ho3bo- 
jihiot BBi,n;ejmTB cynjecTBemiBie aepTBi rejiBMHHTOJiornaecKHX npoa;eccoB n H3y- 
HHTB HX B HHCTOM BH^e. 

Bo BTopon aacTH paSoTBi 6yn;eT HOKa3aHa a^eKBaTHOCTB nocTpoemiOH 
MO^ejIH ftJIH HeKOTOpBIX KOHKpeTHBIX BHftOB rejiBMHHTOB. 

CTOXACTHHECKAH MO^EJIb 

Eyn;eM canraTB, hto >kh3hb rejiBMHHTa b opraHH3Me xo3HHHa onncBiBa- 
eTca cxeMon, npnBe^eHHon Ha pncyHKe. IIpoijeccBi, nponcxo^amne BHyTpn 
opraHH3Ma xo3aHHa, H3o6pameHBi CTpejinaMH BHyTpn 3anrrpHXOBaHHOH 
paMKH. OnnmeM 3 th npoa;eccBi. B3pocjiBie rejiBMHHTBi BBi^ejiaiOT ainja. 2 
IIInpoKaa nonepeaHO 3anrrpHXO- 
BaHHaa CTpeana H3o6pamaeT no- 
tok HOCTynjieHna 3 thx ana;. B 
ftajiBHenmeM b cy^BSe ana; MoryT 
6 bitb ABe bo3mo>khocth. 

1. Hna,a pa3BHBaioTca, npo- 
xo,n;a Bee Heo6xoAHMBie CTa^nn 
AO B3pocjion $a3Bi, He noKH^aa 
opraHH3Ma xo3anHa (y3Kaa 
ornionmaa CTpejma — hotok 3thx 
ana;). 

2. Hna,a MoryT 3MHrpnpo- 
BaTB — HOKHHyTB X03aHHa (ciOfla, 
eCTeCTBeHHO, BXOftHT H B03M0>K- 
hoctb rn6ejiH ana,). IIInpoKaa 
CBeuiaa CTpejina — hotok 3mh- 
rpapnn ana,. 

KpoMe toto, ywrBiBaeTca 
bo3mo>khoctb 3apamemia X03an- 
Ha HeKOTopofi jihhhhohhoh CTa- 
^Hen 3Toro me rejiBMHHTa H3 
BHemHen cpe,n;Bi. IlpnaeM, 3Ta 
jinanHoaHaa CTa^na He o6a3a- 
TejiBHO aBJiaeTca toh me $op- 
moh, KOTopaa paHBme SbiJia Ha- 
3BaHa «aHii,OM», ho MomeT h cob- 
na,n;aTB c Hen. Ha30BeM ycjiOBHO 
3Ty CTa^nio «jihhhhkoh». 3apa- 
meHne jinaHHKaMH ocymecTBJia- 
eTca jiio6bim choco6om: Henocpe,n;- CxeMa >kh3hh rejiBMHHTa b opraHH3Me xo3HHHa. 
CTBeHHO aepe3 npoMemyToraoro 

xo3aHHa hjih cpa3y h6Ckojibkhmh cnoco6aMH. IIInpoKaa TeMHaa CTpea- 
Ka — HOTOK 3TOTO 3apa>KeHHH. 

ripOHHKHIHe B OpraHH3M X03HHHa JIHHHHKH, KaK H aHIja, MOTyT HMeTB 
A Ba nyra b CBoeM pa3BHTnn: pa3BHTBca ao B3pocjioro rejiBMHHTa (y3Kaa 
MejiKO mTpHXOBaHHaa CTpejiKa — hotok pa3BHBaioin;Hxca jinanHOK); 3Mnrpn- 
poBaTB H3 opraHH3Ma xo3HHHa (rn6ejiB, paccacBiBamie n t. a.) (mnpoKaa 
koco mTpHXOBaHHaa CTpejiKa — hotok 3toh 3MHrpan,HH jihhhhok). 

HaKOHea,, cjie^yeT yanraBaTB, hto B3pocjiBie rejiBMHHTBi caMH MoryT 
MHrpnpoBaTB — HOKHHyTB xo3aHHa. Gio^a me Bxo,n;aT h cjiyaan hx rn6ejiH 
(y3Kaa KpynHO mTpHXOBaHHaa CTpejiKa — hotok 3toh 3Mnrpaa;HH). 

riepeH^eM TenepB k KOJinaecTBemiOH xapaKTepncTHKe 3thx npoa,eccoB. 

2 no# hhijom mli ycjiOBHO noHHMaeM jiio6yio jiapBaJibHyio <$opMy rejiBMHHTa, npo^y- 
ipipyeMyio B3pocjiofi oco6bio. 
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npe,n;nojio>KHM, hto BHyTpn opraHH3Ma xo3HHHa b momght BpeMeHH t 
co,n;ep^HTCH X ( t ) rejibMHHTOB. IIohhtho, hto X ( t ) ecTb HeKOTopoe n;ejioe 
HHCJIO, H t > 0. 

a) IlycTb BepoHTHOCTb Toro, hto oji;hh rejibMHHT BH^ejiHT o,o;ho hhh;o 3a 
,n;ocTaTOHHO MajibiH HHTepBaji BpeMeHH A t ecTb BejiHHHHa odA£, r,n;e u) — Bepo- 
hthoctb Toro, HTO o^hh rejibMHHT 3 a e^HHHijy BpeMeHH Bbi,n;ejiHT o,o;ho hhh;o. 
Mohoio noKa3aTb (Bemjejib, 1969), hto cd HMeeT cmbicji Koa^mpieHTa HHije- 
npoftyKipra, t. e. u) paBHO cpe^HeMy nncjiy hhh;, Bbi^ejineMbix oahhm rejibMHH- 
tom b e^HHHpy BpeMeHH. 

BepoHTHOCTb Bbi,n;ejiHTb o,o;ho hhh;o 3 a BpeMH At ,p;jih X ( t ) rejibMHHTOB 
b X (t ) pa3 6ojibme, He m ,o;jih o,n;Horo rejibMHHTa h paBHa u>X ( t) At. 3,n;ecb 
npe,n;nojiaraeTCH, hto hjio^obhtoctb rejibMHHTOB He 3aBHCHT ot hjiothocth 
hx nonyjiHi^HH. 3^ecb h BCio^y mune npe,n;nojiaraeTCH, hto npoMe^KyTOK 
BpeMeHH At HacTOJibKO Maji, hto BepoHTHOCTbio HacTynjieHHH 3 a BpeMH At 
Sojibine neM oftHoro coSbithh moh^ho npeHeSpenb. 

6) 06o3HaHHM aojik) hhh; (pa3BHBaioin,HXCH bo B3pocjioro rejibMHHTa), 
Ha30BeM ee K03(|)(|)Hii;HeHT0M ayTOBbDKHBaeMOCTH hhh; nepe3 h (h ^ 1). Tor,n;a 
BepoHTHOCTb noHBJieHHH 3a BpeMH At oftHoro hoboto napa3HTa, npomeftmero 
b ^amiOM xo3HHHe Becb h;hkji pa3BHTHH, ecTb BejiHHHHa u>hX ( t) At. 

n P H 3 tom npe^nojiaraeTCH, hto ,n;Ba npon;ecca — npo^yipipoBaHHe hhh; 

H HX pa3BHTHe B3BHMHO He3aBHCHMbI. 

b) M 3 npeftbmyipero bh,o;ho, hto BepoHTHOCTb OMHrpapHH oftHoro ninja 
H3 opraHH3Ma xo3hhhb 3 a BpeMH At paBHa a)(l— h) X (t) At. 

TaKHM o6pa30M, ycjiOBHH, npHHHTbie bo Bcex Tpex nyHKTax a, 6 h b, 
OHHCbiBaiOT cy,n;b6y hhh,, Bbmejiemibix rejibMHHTaMH b opraHH3Me xo3hhhb. 
Tenepb nepexojjHM k KOJinnecTBemiOH xapaKTepncTHKe npopeccoB 3apa>KeHHH. 

r) npeAnojio^KHM, hto BepoHTHOCTb nona^aHHH oji;hoh jihhhhkh b opra- 
hh3m xo3HHHa npH 3apa>neHHH 3a BpeMH At ecTb BejiHHHHa 0A£, r,n;e 0 — 
BepoHTHOCTb Toro, hto 3 a e^HHHijy BpeMeHH b opraHH3M xo3HHHa nona,n;eT 
o,n;Ha jiHHHHKa. Mo>kho HOKa3aTb, hto 0 HMeeT cmbicji Koa^nipieHTa nepBHH- 
Horo 3apa>KeHHH, t. e. 0 paBHO cpejjHeMy nncjiy jihhhhok, nona,n;aioin,HX 
B OpraHH3M X03HHHB b e^HHHijy BpeMeHH. 

A) IlycTb, naK h b cjiynae hhh;, ,o;ojih jihhhhok, pa3BHBHiHXCH bo B3poc- 
jioro rejibMHHTa (Ha30BeM ee Koa^HijneHTOM BBUKHBaeMOCTH jihhhhok), 
ecTb BejiHHHHa Ti(ri^Cl), Tor,n;a BepoHTHOCTb noHBJieHHH o^Horo hoboto 
B 3pocjioro rejibMHHTa b pe3yjibTaTe 3apan^eHHH 3a BpeMH At ecTb BejiH¬ 
HHHa t]0A^. 3p;ecb ohhtb npe^nojiaraeTCH He3aBHCHMOCTb npoijecca 3apa>KeHHH 
JIHHHHKaMH H HpOIjeCCa pa3BHTHH JIHHHHOK BO B3pOCJIbIX rejibMHHTOB. 

e) M3 npe^biAyipero bh^ho, hto BepoHTHOCTb BMHrpaipm o,o;hoh jihhhhkh 
H3 opraHH3Ma xo3hhhh 3a BpeMH At paBHa (1 — r\) 0A t. 

B npe^bi^yn^HX nyHKTax paccMaTpHBajincb npon;eccbi, KOTopbie Tan hjih 
HH ane 6 bijih CBH3aHbi c yBejinnemieM nncjia B3pocjibix rejibMHHTOB. Tenepb 
Heo6xo,n;HMO KOJiHnecTBeHHO onncaTb npon;eccbi, CBH3aHHbie c yMeHbineHHeM 
3TOTO HHCJia. 

bk) nycTb BepoHTHOCTb 3MHrpan;HH o^hoto rejibMHHTa 3a BpeMH A£ ecTb 
BejiHHHHa tA t, r^e t — BepoHTHOCTb Toro, hto oahh B3pocjibin rejibMHHT 
3 MHrpnpyeT 3a e^HHHH;y BpeMeHH. Monmo HOKa3aTb, hto t HMeeT cmbicji 
K 03(|)(j)HH;HeHTa 3MHrpan;HH B3pocjibix rejibMHHTOB: t paBHO cpe^HeMy nncjiy 
rejibMHHTOB, OMHrpHpOBaBIHHX HJIH HOrHSlHHX 3a e^HHHpy BpeMeHH. 

BepoHTHOCTb 3MHrpan;HH o^hoto rejibMHHTa H3 opraHH3Ma xo3HHHa, co- 
,n;epH^aii],ero X ( t ) rejibMHHTOB, b X (t) pa3 Sojibine h paBHa BejiHHHHe 
tX (t) At. npe^nojiaraeTCH, hto t He 3aBHCHT ot X (t). 

Ha cxeMe, npe^CTaBJieHHOH Ha pncyHKe, Ka^an CTpejina, 03Hanaioii],aH 
HeKOTopbiH npon;ecc, CHaSn^eHa KOJinnecTBemiOH, TOHHee BepoHTHOCTHOH xa- 
paKTepncTHKOH 3Toro npon;ecca — BepoHTHOCTbio coBepmeHHH o^Horo co6bi- 
thh b e,n;HHHH;y BpeMeHH. 

y^HTBIBaH paCCMOTpeHHbie Bbime yCJIOBHH, HOCHHTaeM BepoHTHOCTb H3- 
MeHeHHH HHCjia B3pocjibix rejibMHHTOB 3a e,n;HHHH;y 3a ^ocTaTOHHO MajibiH HH¬ 
TepBaji BpeMeHH A£. BHanajie 3aMeTHM, hto nojiHan BepoHTHOCTb yBejinneHnn 
HHCJia B3pocjibix rejibMHHTOB Ha e,n;HHHH;y ecTb cyMMa BepoHTHOCTen yBejin- 
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HeHHH 3Toro ancjia b pe3yjii>TaTe npon,ecca pa3BHTHH hhh; npn ayroHHBa3HH 
(nyHKT 6) h b pe3yjn>TaTe npon,ecca pa3BHTHH jihhhhok ro B3pocjibix rejiB¬ 
MHHTOB (nyHKT ft). TaKHM o6pa30M, BepOHTHOCTB yBeJIHHeHHH HHCJia B3POCJILIX 
rejiBMHHTOB Ha e^HHHijy 3a ,n;ocTaTOHHO MajiBin HHTepBaji BpeMeHH A£ ecTt 
BeJIHHHHa 

(0 hX (t) M + Qfito. (1) 


B cbok) onepe^B BepOHTHOCTB yMeHBmeHHH ancjia B3pocjiBix rejiBMHH- 
tob Ha e^HHHH^y 3a BpeMH A£ onpe^ejiaeTCH tojibko npoijeccoM 3MHrpan,HH 
B3pOCJIBIX rejiBMHHTOB (nyHKT >k) H paBHa 

xX (t) M. (2) 

Hcxo^h h 3 npe^BiAyn^ero, jierKO noJiyanTB BepOHTHOCTB toto, hto hhcjio 
B 3pOCJIBIX rejiBMHHTOB 3a BpeMH A t He yBejIHHHTCH. 8 tO eCTB BeJIHHHHa 

1 — (a >hX (t)te + Q-rito). (3) 

TOHHO TaK >Ke BepOHTHOCTB TOTO, HTO HHCJIO rejiBMHHTOB 3a 3T0 /K& BpeMH 
He yMeHBIHHTCH, eCTB BeJIHHHHa 

1— tX(*)A*. (4) 

TaK KaK 3TH ftBa np011,ecca B3aHMH0 He3aBHCHMBI, TO BepOHTHOCTB HX OftHO- 
BpeMeHHoro cymecTBOBaHHH, t. e. BepOHTHOCTB toto, hto hhcjio rejiBMHHTOB 
3a BpeMH At He H3MeHaeTca, paBHO npoH3Be,n;eHHio BepoaTHOCTen (3) h (4) 

1 — [(uh + T) x (t) M + f\m] , (5) 


npnaeM 3,n;ecB OT6pomeHBi KaK npeHe6peauiM0 MaJiBie ajieHBi BToporo nopa^Ka 
MaJIOCTH HO At . 

TenepB, HcnojiB3ya Bee BBimeH3Jio>KeHHoe h CHHTaa Bee hhtb ko3$(J)h- 
H,HeHTOB CD, h , 0, 7], T nOCTOHHHBIMH BO BpeMeHH H OftHHaKOBBIMH ftJIH Bcex 
oco6en xo3aeB paccMaTpnBaeMOH nonyjiHijHH, mbi moh^m coctbbhtb CHCTeMy 
,n;H(|)(|)epeHH,HajiBHBix ypaBHeHHH othochtcjibho BepoaTHOCTen P k ( t ) — toto, 
hto npn bckpbithh xo3HHHa 6yn;eT oCHapya^em) k rejiBMHHTOB ftamioro BH,n;a, 
ecjiH c MOMeHTa Haaajia 3apaa^eHHH t 0 nponuio BpeMH t . He B^aBaacB b ,n;e- 
tbjih nocTpoeHHH chctcmbi ypaBHeHHH (Baily, 1964), hphbo^hm ee KOHea- 
hbih bhji; 


dP k ( t) 
dt 


; [u h (k- 1) + 07)] P k _ x (t) - [(<oft + x) k - 07,] P k (t) + X (k + 1 ) P k+1 (t) , 


dP o 

nr=Wo+-Pi 


( 6 ) 


HJIH 


L =[X (A; — l) + v] P k (t) - [(X + T )k- v] P k ( t) + X (* + 1) P k+1 (t ) 
vPo + ^1, 
r^e A=(ofe, a v— 0rj. 

HeTpy^HO HOHHTB, HTO X HMeeT CMBICJI K03(|)$HI];HeHTa poa^AGHHa, T. e. X 
eCTB epe^Hee HHCJIO B3pOCJIBIX rejiBMHHTOB, HOHBHBIHHXCH B e^HHHIjy BpeMeHH 
B pe3yjIBTaTe pa3BHTHH HHH,, OTJIOH^eHHBIX B TOM H^e X03HHHe (npn yCJIOBHH 
ayT0HHBa3Hn); v — ko3$$hh,h6ht 3apaa^eHHH, t. e. cpe^Hee hhcjio B3pocjiBix 
napa3HT0B, hohbhbihhxch b e^HHHijy BpeMeHH b pe3yjiBTaTe pa3BHTHH jih- 
hhhok, nonaBHiHx npn 3apaa^eHHH xo3HHHa H3BHe. 

HcnoaB3ya ycjiOBHa, hto b momcht BpeMeHH t 0 a^HBOTHoe co^epa^ajio 
-^(^ 0 )—0 B3pOCJIBIX reHBMHHTOB, MOa^HO peiHHTB 3Ty CHCTeMy ypaBHeHHH, 
b pe3yaBTaTe aero 6y,n;eT noayaeHO HeKOTopoe pacnpeftejiemie BepoaTHOCTen 
P k (^), bha KOToporo 6y,n;eT onpe^eaaTBca cooTHomeHneM napaMeTpoB mo- 
AChh. IIpoaHaaH3HpyeM pemeHHH 3 toh chctcmbi ypaBHeHHH npn Tex a^e co- 
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OTHomeHHHx napaMeipoB, KOTopBie MoryT hmctb MecTO b peajiBHOH CHTya- 
i^hh. Ha,o;o oTMeTHTB, hto mbi He paccMaTpHBaeM cjiynan, Kor,o;a v=0, t. e. 
Kor,a;a HMeeT MecTO o^HOKpaTHoe sapamemie h OTcyTCTByeT bo3mo>khoctb 
peHHBa3HH. 

PaCCMOTpHM B 03 M 0 >KHBie COOTHOHieHHH Mem^y X H T. 

1. IlycTB X=0, t. e. OTcyTCTByeT npoijecc ayTOHHBa 3 nn. OTJiomeHHBi© 
rejiBMHHTaMH HHH;a He MoryT ocymecTBJiHTB 3 apameHHe toh me oco6h xo3h- 
HHa, B KOTOpOH OHH OTJIOmeHBI. B TO me BpeMH Ha 6 jIIO ( n;aeTCH, C OftHOH CTO- 
POhbi, npoijecc 3 apameHHH xo 3 HHHa jihhhhohhbimh $opMaMH napa 3 HTOB ^am 
Horo BH,o;a H 3 BHe h, c ApyroH — npoijecc rn 6 ejin B 3 pocjiBix nepBen. Ilpn 
3tom ycjioBHH pemeHHe cncTeMBi ypaBHemra ( 6 ) H 03 B 0 JiHeT nojiyHHTB pac- 
npe,a;ejieHHe IlyaccoHa 


Pjc (0 = 


hWf 

k\ 


e 


-»i(0 


(?) 


rfle 


n i (<) = - 


(—exp (—xf) -f 1] 

X 


2. IlycTB X > 0, ho X = t — cjiynan, Kor,n;a cpe^Hee hhcjio rejiBMHHTOB, 
pa3BHBHIHXCH B e^HHHIjy BpeMeHH B pe3yjIBTaTe ayTOHHBa3HH, paBHO 
cpe^HeMy nncjiy nornSninx B3pocjiBix napa3HTOB toto me BH^a b eAHmmy 
BpeMeHH. npn 3TOM yCJIOBHH M 02 KH 0 HOKa3aTB, HTO B KaHeCTBe pemeHHH CHC- 
TeMBi ypaBHeHHH (6), nan h b npe^BmymeM cjiynae, nojiynaeTCH pacnpe,n;ejie- 
Hne nyaccoHa 


mo-T'-"’. 


( 8 ) 


r^e n 2 (t)=vt. 

3. HaKOHep, nycTB X > 0 h X^4t, t. e. cpe^Hee hhcjio B 3 pocjiBix rejiB¬ 
MHHTOB, pa 3 BHBHIHXCH B pe 3 yjIBTaTe ayTOHHBa 3 HH B e^HHHpy BpeMeHH, 
He paBHO cpe^HeMy nncjiy nornGimix nepBen 3 Toro me BH^a. IIpH yneTe 3 Toro 
ycjioBHH b pe 3 yjiBTaTe pemeHHH cncTeMBi ypaBHeHHH ( 6 ) nojiynaeTCH OTpn- 
n;aTejiBHoe SmiOMHajiBHoe pacnpeflejiemie: 

Pjc(t) = { k )P r q k , (9) 


r^e 


H 


e + n- 


(r A: — 1) (r + A —2)...r 
k\ 

1 


npn k 0 


r = — • P : 

X ’ 


: Xexp [(X — x) *]-x' n P H * = °- 


, 3 ,jih Bcex 3 thx pacnpeAejieHHH Momrn) bbihhcjihtb MaieMaTHnecKoe omn- 
AaHHe h ftHcnepcHio nncjia rejiBMHHTOB, npHxo^HmHxcH Ha o^ho mHBOTHoe, 
ecjiH c MOMeHTa 3 apameHHH npomjio BpeMH t . 

B cjiynanx (1) h (2) ajih pacnpe,o;ejieHHH nyaccoHa mbi HMeeM cooTBeTCT- 
BeHHO 


2 

= "l =- 


— exp (— zt)] ' 
x * 


B cjiynae (3) ajih OTpnijaTejiBHoro 6nHOMHajiBHoro pacnpe,n;ejieHHH no- 
jiynaeM 

rq V (exp [(X — x) t ] — 1) 

^ P X — x ; 


52 = ^ = v exp [(X — x) *]) (X exp [(X — x) t] — x)/(X — x)2. 
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TaKHM o6pa30M, mli nojiyHnjin bhji; h napaMeTpti pacnpeAejieHHH >khbot- 
HBix-xo3neB no nncjiy HMeion^nxcn y hhx rejibMHHTOB, ecjin c Hanajia 3apa- 
?KeHHH nponuio BpeMH t. 

Tenept paccMOTpnM cneAyiomyio nacTO BCTpenaioiiiyiocH b npaKTime cn- 
TyaijHio, Kor,n;a c MOMeHTa Hanajia 3apa>KeHnn >KHBOTHoro ao ero bckplithh 
nponuio ctojil Sojitmoe BpeMH t, hto Bee paccMOTpeHHLie npoijeccBi y>ne 
jjeiicTByiOT bo Been nonyjiHiinn xo3neB, t. e. reJibMHHTLi ocymecTBnjin b npe- 
Aejiax 3 toh nonyjiaii;HH xo3neB HecKOJibKo cmch noKOjieHnn. Tor,n;a b $op- 
Myjiax (7), (8) n (9) BpeMH t mo>kho cnnTaTB ,n;ocTaTOHHo Sojibhihm, n mbi mojkcm 
nepenTH k npe^eJiy no t. B 3 tom cjiynae bhji; pacnpeAejieHnn He H3MeHHTCH, 
h nx napaMeTpbi 6y,n;yT cooTBeTCTBOBaTB cJie,n;yion];HM Bbipa>KeHHHM: 

1) rc' = ji' = aj= ~ > \ = 0; (10) 

2) n 2 = = vf. X > 0, ho X = t; (11) 

K V _ VT 

3a) p'= 1 {^3 — -_ \ •> °3 — ’ X <C (12) 

36) p" = (l — x)exp {—[(X — x)]«}, P 3 = 3 ~^exp [(*. —x)f], 

VT 

q" 2 = (x, — ~ x ") 2 ex P 2 — x ) *1 . x>t. 0 3 ) 

H3 $opMyji (11) n (13) bh^ho, hto b cjiynanx, Korji;a X ^ t, MaTeMara- 
necKoe ojKHflamie n ^nenepenn nncjia rejibMHHTOB Ha ojiho >KHBOTHoe 6y,n;eT 
pacTH c yBejinneHneM BpeMeHn t. Tan hto npn ycjiOBnn X^> t mo>kho ojKH^aTb, 
hto nonyjiHiinn xo3HHHa ,n;oji>KHa 6 bitb Ha CTa^nn BbiMnpaHHH. O^HaKO b napa- 
3HTOJiornHecKnx nccjieAOBaHHHX npaKTHnecKH He BCTpenaiOTCH cjiynan, 
KOrjia MO>KHO TOHHO CKa3aTB, HTO npnHHHOH m6eJIH 2KHBOTHBIX (CHHJKemie 
HncjieHHOCTH nonyjiHiinn) 0Ka3ajiacb rnnepnHBa3HH rejibMHHTaMH. Hanje 
mbi BCTpenaeMCH c othochtcjibho npoipBeTaionpiMH nonyjiHiiHHMH jkhbothbix- 
X03HeB, 3apa>KeHHBIMH CpaBHHTejIBHO OrpaHHHeHHBIM HHCJIOM napa3HTHHeCKHX 
nepBen. IIo3TOMy, Kor^a ecTB ocHOBaHHH nojiaraTB, hto bbihojihhiotch Bee 
TpeSoBamiH, npeAycMOTpeHHBie npn nocTpoeHnn MO^ejin, n hmciotch CBe^e- 
hhh o HajiHHnn ayTOHHBa3HH (t. e. X > 0), to cjiejiyeT cnnTaTB, hto X < t 
h OHUi^aTB HeraTHBHoro 6nHOMnajiBHoro pacnpe,n;ejieHHH c cooTBeTCTByion^HMH 
napaMeTpaMH, onncaHHBiMn $opMyjiaMH (12). 

B tom >Ke cjiynae, Kor,n;a X=0, t. e. OTCyTCTByeT ayTOHHBa3HH, ho coSjiio- 
^aiOTCH Bee ocTajiBHBie onncaHHBie TpeSoBamiH, cjiejiyeT onuiAaTB pacnpe,n;ejie- 
hhh nyaccoHa c napaMeTpoM, onncaHHbiM $opMyjion (10). 

npe^jiojKeHHoe paccMOTpeHne rejiBMHHTOJiornHecKnx npou;eccoB ho3bo- 
jineT npo^eMOHCTpnpoBaTb hphhhhbi, npnBO^Hmne k OTpnu;aTejiBHOMy 6hho- 
MnajiBHOMy pacnpeAejieHHio, b $opMe, ,n;ocTaTOHHO y,n;o6HOH ^jih aHajin3a, h ho- 
Ka3aTB corjiacne nx HenoTopbix KJiaccoB c paccMOTpeHHon Mo^ejibio hoao6ho 
ApyrnM napa3HTOJiornHecKHM npnMepaM, onncaHHbiM b jinTepaType (Bliss 
and Fischer, 1953; EpeeB, 1968). 

KojinnecTBeHHBie xapaKTepncTHKn, onpe,n;ejiHion];He B3anM0ji;eHCTBHe b ch- 
CTeMe rejiBMHHT— xo3hhh, Heo6xo,n;HMBie b npaKTHKe nccjie^oBaHHH, oSbihho 
nojiynaioT nepe3 BBiSopoHHBie on;eHKH cnopocTen paccMaTpnBaeMBix npo- 
n;eccoB. 

OTpnn;aTejiBHoe SnHOMnajiBHoe pacnpeftejiemie — pacnpeAejieHHe AByx- 
napaMeTpnnecKoe, t. e. BepoHTHOCTH onpe,n;ejieHHoro nncjia rejibMHHTOB 
y ojiHoro xo3HHHa hojihoctbio 3a,n;aioTCH 3HaHneM AByx napaMeTpoB. IloaTOMy 
ftOCTaTOHHO OIieHHTB TOJIBKO ^Be BeJIHHHHBI — ftBe KOM6nHaii;HH H3 hhth 
K03$$HIi;HeHTOB npeAJIOJKeHHOH MOJiejIH. 

OSbihho ou;eHHBaioTCH cjie,n;yion];He BejinHHHbi: 

V 07] V 07) 

r k d>h ’ a t — X x — u>h * 

TaKHM o6pa30M, napaMeTp r HOKa3BiBaeT, bo ckojibko pa3 K03$$nn;HeHT 
3apa>neHHH v Sojibme K03$$nn;HeHTa ponmemiH X, a BejinnnHa p — bo ckojibko 
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pa3 n TOT K03(|)(J)HI],HeHT 6oJIbHie pa3H0CTH K03(|)(|)HI],HeHT0B CMepTHOCTH H pO>K- 
AeHHH B3POCJILIX reJIBMHHTOB. 

B tom cjiyaae, nor^a X—0 h noJiyaeHO pacnpeAeaemie riyaccoHa, Heo6xo- 
Ahmo ywrbiBaTb, hto nocjie,n;Hee pacnpeAeaemie OAHonapaMeTpmiecKoe, 
H MO>KHO OU,eHHBaTb TOJIbKO O^Hy BeJIHHHHy, OAHy KOM6HHan,HIO H3 Tpex K03(|)- 
(|)Hn,HeHTOB npeftjiOH^eimoH moaojih. Kan npaBHJio, ou,eHHBaioT BejiHHHHy 

V 0T] 

KOTopaa noKa3HBaeT, bo ckojibko pa3 K03(|)(|)Hi],HeHT 3apa>KeHHH v 6oJibine 
K03(|)(|)HI],HeHTa 3MHrpai],HH reJIBMHHTOB. 

3aMeTHM, hto npou,eccbi, o6o3HaaeHHbie Ha cxeMe (cm. pncyHOK) hihpokhmh 
CTpejinaMH, He MoryT KOHTpojinpoBaTbCH OT,n;ejibHO, ecjin paccMaTpHBaeTca 
pacnpeAeaemie xo3aeB no micay HanAeHHbix y hhx B3pocjibix reJIBMHHTOB. 
3th npon,eCCBI CBH3aHBI C H3MeHeHHHMH npOMe>KyTOHHBIX CTa^HH pa3BHTHH 
napa3HTOB. ItoBTOMy HH$opMan,HH o napaMeTpax MO^ejin Ha btom orpamrai- 
BaeTCH. ^jih yBejiHneHHH HH(|)opMaH,HH HeoSxoAHMbi A^JibHenniHe nccaeAO- 
BaHHH. 


B03M05KH0CTH PACIUHPEHHH [MOAEJIH 

1. B npeji;jio>KeHHOH MOAean npeAnoaaraaocb, hto aacTb BbiAeaemnax 
rejibMHHTaMHHHpocTaBajiacbBHyTpH Toro >ne opraHH3Ma xo3HHHa, ocymecTB- 
jihh Been h,hkji pa3BHTHH b npeAeaax 3Toro opraHH3Ma. O^HaKO mo>kho 3a- 
MeTHTb, hto 3to ycjiOBHe He HBJiaeTCH o6H3aTejibHbiM. Tot >ne pe3yjibTaT 
MO>KHO HOJiyHHTB, eCJIH Hpe^HOJIO>KHTb, HTO BCe BBIAeaeHHbie B OpraHH3MO 
X03HHHa HHH,a BBIHOCHTCH BO BHeiHHIOIO Cpe^y, HO HaCTb H3 HHX, npOHOpiJHO- 
HajibHaa npoH3BeAemiOMy b 3tom >ne xo3HHHe KoanaecTBy, nona^aeT b op- 
raHH3M Toro yue xo3hhhb npn 3apa>neHHH. ripn btom Bee npopeccbi, BKaioaeH- 
Hbie b Mo,n;ejib, ocTaioTca npe>KHHMH. Tojibko nacTb H3 hhx (Ha pncyHKe OHa 
3aKJnoaeHa b nyHKTHpHyio paMKy) bbihochtch bo BHeniHioio cpe^y. B 3tom 
cayaae KOB^HpHeHT h npnoSpeTaeT hockojibko hhoh cmbicji. Tenepb 3 to 
K 03$$HH,HeHT oSpaTHOTO 3apa>KeHHH. TaKHM o6pa30M, h — 3TO AOJIH Bbl- 
Aeaemnax hhh; rejibMHHTaMH Aamioro xo3HHHa, BepHyBrnaaca b Hero h pa3- 
BHBHiaaCa AO B3pOCJIOH $OpMbI. 

OAHaao am Toro htoSbi npeAao>KeHHaH MOAeab peajiH30Bajiacb, Heo6xo- 
AHmo BbinojiHeHHe cjieAyioin,Hx AByx ycjiOBHn: Beanamia h nocTOHHHa bo 
B peMeHH h OAHHaKOBa am Bcex oco6en xo3aeB H3 paccMaTpnBaeMOH nonyaa- 
h;hh; BejiHHHHa c ohX (t) cpaBHHMa hjih 3HamiTeabHO npeBoexoAHT Bean- 
HHHy 07], KOTopaa xapaKTepn3yeT npon,ecc 3apa2Kemia xo3anHa afiniaMH 
(jiHHHHKaMH) CTopoHHero npoHCxoKAomia. Bo3mo>khoctb TaKoro pacmHpeHHa 
MOAeJin 6ojiee AOTaabHO SyAeT paccMOTpeHa b coo6m,eHHH 2. 

2. Ilpn nocTpoeHHH moacjih He ywrbiBajiHCb HMMyHoaornaecKHe CBOHCTBa 
opraHH3Ma xo3HHHa. 8to mo>kho CAejiaTb He bbixoab 3a npeAeabi paccMaTpHBae- 
moh MOAejin. ^(onycTHM, hto HMMyHOJiornaecKoe bo3aghctbh6 oprami3Ma xo- 
3aHHa HanpaBJieHO Ha noAaBJiemie pa3BHTna HHBa3HOHHbix jihhhhok, npomm- 
HIHX B OpraHH3M X03HHHa. EIpH 3TOM OHO TeM CHJIbHee, HeM SoJIbHie HHTeHCHB- 
HOCTb HHBB3HH HOCJieAHerO. Mo>KHO HpeAHOJIO>KHTb, HTO AOaa BbDKHBHIHX 
JIHHHHOK JIHHeHHO yMeHBHiaeTCa C pOCTOM HHCJia B3pOCJIbIX reJIBMHHTOB. 
HHaae roBopa, K03$(J)HH,HeHT r\ AOJmeH npeACTaBJiaTb aHHemiyio y6biBaK>in,yio 
$yHKH;Hio ot X (t), t. e. 

r l = r lQ —%X (t), 

TorAa Bbipaa^eHHa (1), (2) h (5) nepenninyTca b BHAe 


(c oh — 071) X ( t ) A t -|- 07] O A^, 

(in 

zX(t)U, 

(2") 

1 — (a )h — 6tc —1— x) X (t) A t — 07] o A£. 

(3") 


HeTpyAHO 3aMeTHTb, hto Bee Harnn paccy>KAeHHa h pemeHna He otjih- 
aaioTca ot npeAHAyiAnx 3a AByMa HCKJiioaeHHaMH: Be3Ae bmccto r\ Tenepb 
ctoht t] 0 , a BMecTO a)h 6yAeT ctohtb BeanaHHa co h — On. BBeAeHne napaMeTpa 
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7i He H3MeHaeT bha pacnpe^ejieHHH >khbothbix no nncjiy Han^eHHBix b hhx 
re jibmhhtob. O^HaKO 3 tot napaMeTp HeB03M0>KH0 ORGHHBaTB OT^ejiBHO h ero 
BBe^eHne MO>neT hmgtb tojibko no3HaBaTejiBHoe 3HaneHne. Banmo otmcthtb, 
hto npn 3 tom He ynHTBiBaeTCH reHeTnaecKoe pa3HOo6pa3ne 3am;HTHBix pean- 
h;hh >KHBOTHBix-xo3HeB. Bee napaMeTpBi Mo^ejin, BRjiionaH tt, cwrajincB 
HOCTOHHHBIMH ftJIH BCeX OCOfieH HOHyJIHRHH X03H6B. Pa3JIHHHe Metf^y OT^eJIB- 
HBIMH >KHBOTHBIMH 3TOH HOHyJIHRHH HO HHCJiy HaH^eHHBIX B HHX Hapa3HTOB 
hocht cjiynaHHBiH xapaKTep. B to >ne BpeMH H3BecTHO, hto cynjecTByioT pa3- 
jiHHHBie peaKH^HH opraHH3Ma y pa3HBix >khbothbix b o^hoh nonyjiHRHH, 
noaTOMy mbi Haxo^HMCH nepe,n; BBifiopoM: paccMOTpeHHaa Mo^ejiB HeBepHa, 
h k nojiyneHHBiM TnnaM pacnpe^ejieHHH — IlyaccoHa h OTpnn,aTejiBHOMy 
6nHOMHajiBHOMy npHBO^HT ,n;pyraH Mo^ejiB, nocTpoeHHaa c yneTOM rGHGTHKO- 
HMMyHOJiornnecKHx cbohctb xo3hgb, h nocTpoeHHaa mo^gjib BGpHa, o,n;HaKO 
peajiBHBie pacnpe^ejieHHa OTjmaaiOTca ot hpg,o;jio>kghhbix, ho 3to otjihhhg 
H aCTOJIBKO MaJIO, HTO OHO He KOHCTaTHpyeTCa TeMH CTaTHCTHHGCKHMH MGTO- 
ftaMH, KOTOpBIMH HpHHHTO H0JIB30BaTBCH. HtoQbI CftGJiaTB BBlSop, KaKOe 
H3 3 thx AByx npeji;nojio>KeHHH BepHO, Heofixo^HMBi ^ajiBHenmne nccjie^OBa- 
hhh. IIocTpoeHHaa Mo^ejiB mo>kgt HMeTB no3HaBaTejiBHoe 3HaaeHne b tom cay- 
aae, r,n;e mo>kho He ywraBaTB pa3JiHane MG>K,n;y 3 bh^hthbimh peaiopiHMH ot- 
AGjibhbix oco6gh xo3aeB. 

Cjie,n;yeT 3aMGTHTB, hto hoji;o6hbih ho^xoji; k nojiyaeHHio OTpHijaTGJiBHoro 
0HHOMHajiBHoro pacnpGftGJiGHHH b pe3yjiBTaTe coBMecTHoro aHajiH3a hgkoto- 
pBix 6HOJiornaecKHx npopeccoB ncnojiB30BaH KoxeHOM (Cohen, 1969) npn 
paccMOTpeHHH pacnpe^ejieHHa npnpo^HBix CTa,n; npHMaTOB no uncjiy oco6gh. 

BblBOABI 

1. B paSoTe nocTpoeHa MaTGMaTHHGCKaa mo^gjib, o6T»HCHHioin;aH nyacco- 
HOBCKoe h OTpnpaTejiBHoe SmiOMHajiBHOG pacnpGftGJiGHHH >khbothbix-xo3hgb 
HO HHCJiy HaH^eHHBTX y HHX reJIBMHHTOB. 

2. B oCHOBy nocTpoeHHa mo^gjih hojio>kgho hpgahojio^kghhg, hto npopeccBi 
rejiBMHHTOjiorHaecKoro 3apa>KGHHH, pa3MHO>KGHHG h thScjib napa3HTOB 
HMeioT xapaKTep CToxaCTHUGCKHx npoRGCCOB. 

3. OScyjKAeHa bo3mo>khoctb pacntHpemiH np6,n;jio>KGHHOH mo,o;gjih Ha cepnio 
cjiyaaeB HHBa3HpoBaHHa c yuGTOM ayTOHHBa3HH h HMMyHOJiornaecKHx pe- 
aKH^HH X03HHHa, Hp6HHTCTByK)in,HX pa3BHTHIO Hapa3HTOB. 
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STOCHASTIC PATTERN OF HELMINTHOLOGICAL INVASION 

I. THE BUILDING OF MODEL 

E. Ja. Frisman, E. Kh. Ginzburg and K. P. Fedorov 

SUMMARY 

Mathematical pattern was made. It explains the Poisson and Negative binomial 
distribution of helminths in their animal-hosts. This pattern suggests that processes of 
reproduction, invasion and mortality of helminths are stochastic. Possibility of expan¬ 
sion of this pattern in cases of autoinvasion and immunological reactions of the host’s 
organism, which prevents the development of helminths, was discussed. 



